INTRODUCTION
IN this paper an attempt is made to analyse, by rather different methods than the more purely anatomical, certain macroscopic features of the brains of 31 certified mentally defective patients, details of which are given in Appendix I.
Studies of the macroscopic appearances of the defective brain, in so far as these are causally associated with the resultant mental deficiency, have not been, in the past, very numerous. Fernald, in the WVaverley Researches in the Pathology of the Feeble-minded, speaks of the 'extraordinary neglect into which this topic has fallen,' and adds that ' the anatomy of feeblemindedness has not been attacked systematically over a period of years. ' Fernald himself endeavoured to bridge this gap by giving complete anatomical descriptions of the brains of 10 defectives. But purely descriptive anatomical methods no longer suffice and are of little or no help to the mental specialist. Even the descriptions given in the most modern text-books of anatomy are of so stereotyped a nature as to afford no measurable standard against which to set supposedly less well developed brains. As the anatomical description of the normal human brain no longer accords with more recently discovered facts of cortical construction it is obviously in need of revision.
Craniologists, on the other hand, have long abandoned purely descriptive methods as applied to human skulls and have substituted therefor a series of accurately recorded drawings from which measurements and angles can be subsequently calculated. From these can be established almost any desired comparison between normal and abnormal.
It is on these lines that it is now proposed to discuss some of the macroscopic details of these 31 defective brains, and for these purposes the dioptrograph, as an instrument of precision, is as well adapted for the brain as the skull, though it is obvious that for both skull and brain dioptrograph tracings have their limitations.
In a previous communication to this JOURNAL the brains of two of the present series (nos. 8 and 9) were macroscopically and microscopically described and illustrated.
The fissuring of the cortex of the whole of the present series is as obviously irregular as was that of these two and is so in very much the same places-show significant reduction in the length of the Rolandic fissure. As this fissure is a cortical infolding between the whole lengths of the important posteentral somsesthetic area and the precentral effector, it follows that a significant reduction in the length of the Rolandic fissure denotes, in these defectives, a diminution in the functional cortical tissue of the greatest importance in mental activities.
3. The height index is a ratio between height of skull and length, and is used by craniologists as a standard of racial comparisons. Combined with other measurements and indices it gives some indication of the form of the head and associated size of the brain. The 
DISCUSSION OF RESULTS
In so far, therefore, as it is possible to establish comparisons of these defective brains with known data for normals for size of brain, length and angle of the Rolandic fissure, length of the associated cortical areas, and the cerebral height index, all the observations-taken either separately or collectively go to suggest that the defective brain more nearly resembles that of an eight-months' foetus than of a more normally postnatally developed one. For subsequent post-natal, and, in these cases, slight differences of mental reactions, it seems most likely that microscopic investigation can alone indicate what, if any, are the post-natal cerebral alterations in the brains of defectives as contrasted with normals. Whatever their nature, that they are of an abnormal character seems certain, as does also the fact that, minute though they may be in nature and origin, they are mirrored in the macroscopic appearance of the brain itself.
Passing next to the consideration of the variability of these defective brains within themselves and for which there are insufficient or no data available for comparison with the normal, there may first be discussed the variability in the actual sizes of the defective brains themselves.
It has already been pointed out that in these series of 31, the average defective brain is 20 per cent. less than the lowest normal. Fig. 1 As regards those defectives whose brain size was 90 per cent. or less than that of the lowest normal there does not appear to be any significant or ascertainable association between these variabilities in brain size and the mental ratios during life. Thus Case 31, with a brain size only 70 per cent. that of the normal and a chronological age of 35.11 years, had a Binet mental ratio of 6.10 years, whereas none of the nine cases between 70 and 80 per cent. of the normal, and with ages ranging from 4.8 years to 30.7, had an ascertainable mental age during life of more than three years.
When, however, attention is directed to the five cases with 90 per cent. and upwards of the lowest normal brain size-i.e. to those more nearly approaching normality-some possibly significant facts begin to emerge.
Of these five cases, which are those with the largest brains in the series, one-15-is the highest grade case of all, having been rated during life as low grade feeble-minded with a Binet mental ratio of 6.10 years. TwoCases 19 and 22-are definitely pathological (ventricular hydrocephalus and tuberous sclerosis), whilst the remaining two (24 and 25) certainly seemed, on microscopic examination, to owe their comparative but relative bigness of brain to other pathological conditions not obvious to the naked eye but revealed by the microscope, one case being definitely due to an abnormal glial increment.
It would thus seem as though defectives are so on account of their ill-developed and unduly small brain: in this respect they are, even within themselves, extremely variable, and lastly, that those more nearly approximating to normality in brain size only do so on account of a more nearly normal mental ratio or of some underlying pathological condition of a gross or microscopic nature.
FURTHER PERSONAL STUDIES
In view of this large and apparently not insignificant range of variation in the brain size of defectives an attempt was next made to discover, if possible, wherein these differences lay. Was some part relatively overdeveloped in relation to others ? Were there, for instance, any appreciable or discoverable differences between prerolandic cortex and postrolandicthat is, between frontal lobe and the rest ? To attempt to answer these questions proved by far the most difficult part of the investigation, and notwithstanding the many and varied procedures adopted all seemed to result in consistent failure to produce any result at all-let alone an understandable one.
'The general conclusion (says Herrick) to be drawn from the entire series of physiological and pathological studies of the cortex is that specific mental entities are not resident in particular cortical areas, but that cortical functions involve the discharge of nervous energy from one or more sensory centres to various and remote regions . . . the destruction of any part of the cortex or of the fibre tracts connected therewith involves first a permanent loss of the particular functions served by the neurones affected, and in the second place a transitory disturbance of the cortical equilibrium as a whole (diaschisis effect). ' Speaking very generally and in terms of the foregoing quotation, it may be accepted that the postrolandic portions of cerebral cortex (the anatomical parietal and occipitotemporal lobes) are more definitely receptor or sensory in function than is the prerolandic frontal lobe. Further, if under normal conditions of cerebral development subsequent destruction of any part of the cortex produces those recognizable effects mentioned by Herrick, then the question arises: does a maldevelopment, or a grossly unequal distribution, of postrolandic and prerolandic cortex produce similar effects and, if so, in what way are the behavioural reactions of the individual altered from those resulting from more normally developed brains ?
As already mentioned, many attempts were made to provide, from the present series of-defective brains, some negative or positive answer to these problems, with but little appreciable result. After much discussion with the Medical and Consultant Staffs it was eventually decided to compare the actual planimeter areas of the pre-and postrolandic cortical regions. There was accurately recorded on the dioptrographic tracings of the lateral (external) surface of each of these defective brains the superior and inferior Rolandic points, the central sulcus of Rolando, the lateral Sylvian fissure, the precise point at which the parieto-occipital fissure cut the superomedial border of the cerebral hemisphere, as well as the main cerebral sulci themselves. With these points and lines accurately located it was easily possible to draw in on the dioptrographic tracing the line of the chord of the Rolandic fissure, the chord of the parietal arc, and the outlines of the external surface of the parietal lobe itself. The anatomical description of the delimitation of this surface of the parietal is so inaccurate and misleading as to be useless for purposes of measurements. In the present series the parietal lobe is delimited by the Rolandic fissure; the superomedial border of the hemisphere from the superior Rolandic point to the parieto-occipital fissure, and completed by a line drawn from that point to the inferior Rolandic point or a line drawn vertically therefrom to the Sylvian fissure. The importance of the enclosed portion of cortex lies in the fact that within it is the parietal association area so closely related, structurally, to the incoming neural streams from the primary visual, acoustic and general someesthetic senses. These facts are in themselves so important as to necessitate some more accurate method of parietal lobe delimitation than that given in textbooks, hence the method herein suggested and adopted.
The pre-and postcortical areas having thus been accurately delimited on the dioptrographic tracings, as well as the component parts of the postrolandic cortex-that is, its parietal and occipitotemporal constituents-the extent of each area was easily obtained by the planimeter, with the results given in Appendix II.
It is to be noted that this method is open to criticism, inasmuch as it only measures cortex visible on the surface and takes no account of that within the depths of the sulci, usually estimated at twice the amount on the surface. Secondly, it does not deal with the total amount of anatomical lobar cortex, but only with that present on the lateral or external surface of the brain; and, lastly, it records only the linear extent of the areas measured, taking no account of the convex surface involved.
But other methods, such as Wagner's, of covering the whole of the cortex with gold leaf and determining the extent of surface by the amount employed, or Baillarger's attempt at dissecting off the grey cortex from the white matter, are so laborious as to be impracticable over any large series of observations, and if these are not sufficiently numerous the results are of little practical value. It is therefore impossible, at the moment, to establish any comparison of the inequality of cortical areas as between normal and abnormal. The latter, however, proved even with the dioptrographic method to present so many variations as to justify the time and labour bestowed on their ascertainment. left clear. The small cross-hatched area at the bottom of the left-hand column has nothing to do with the amount of cortex measured on the external cerebral hemisphere and will be separately referred to later. As between two of the extremes of the series, prerolandic is more uniform throuighout than is that of the parietal association area. As the latter forms a part of the postrolandic cortex it again suggests that it must be chiefly this part of the brain which is at fault in the defective. Assuming that it really is the parietal association area which lags behind in development, what meaning-if any-is to be attached to the fact clinically ? It is stated that stereognosis and barognosis-the abilities respectively of recognizing objects by palpation, or of assessing different weights-both belong to a special form of body feeling (Tilney and Riley) and that the cortical area specially concerned is usually described as occupying the upper portion of the intermediate postcentral area which is bounded below by the horizontal limb of the interparietal sulcus, and in front by the dorsal division of the ascending limb of this fissure. In other words, these two abilities are chiefly mediated by parietal cortex.
In the well-known Binet tests there are two-one for the fifth year and one for the ninth-designed to assess the stereognostic, or, more accurately, the barognostic, sense. That for the fifth year is useless for any purpose, as only two weights are employed, and thus whatever the defective does the chances are always even that he scores a success. That for the ninth year is free from such objection, but unfortunately many defectives never get so far as the nine-year tests. As this perception is, however, supposed to be mediated by parietal cortex, and as this present study suggests that it is precisely this area which is most undeveloped in defectives, it was clearly desirable to ascertain how far, if at all, clinical observations on abarognosis compared with the ill-developed parietal association area as measured after death and suggested by the pronounced microcephaly revealed by head measurement during life.
With this object the Binet records of 113 living defectives of sufficiently high grade to have attempted the nine-year-old weight test were examined, the assumption being that the clinical microcephaly might possibly be indicative of an imperfectly developed parietal lobe, in which case there should theoretically be an associated higher percentage of barognostic failures. The results were as follows: These results are shown in fig. 3 The Cuneus.-As the cuneus contains within its area parts of the visuosensory and visuopsychic cortices it was thought that readings of its planimeter area might show some association-negative or positive-with other parts of the brain, or might even link up with mental differences between these defectives during life. The actual planimeter areas of the cuneus are shown for these cases in fig. 3 by cross-hatched portions drawn at the bottom of the columns for postrolandic cortex. The cuneus, lying as it does on the medial or internal surface of the brain, has nothing to do, macroscopically, with the postrolandic cortex on the external surface, and is merely shown graphically in this way in order to avoid a multiplication of unnecessary diagrams. But even thus one point emerges. The line A shows the average area of the cuneus in the 29 cases in which it was possible to obtain it (Cases 2 and 19 being unobtainable). It will be observed that cuneus development (line A) does not keep pace with parietal (line B). A permissible neurological inference is, therefore, that as the parietal association area is not being properly fed by visual stimuli, increments therein are more due to somsesthetic or acoustic stimuli.
Assuming the correctness of these inferences-though there may possibly be other explanations not so obvious-they would seem to suggest that defectives, as a class, are more dependent on general somaesthetic impulses from within their own bodies than they are on exteroceptive stimuli from without. They further suggest that these disabilities are structurally present before birth, and if, therefore, these important sensory or receptor stimuli are so lacking, all that can be done after birth is to make the most, therapeutically, of the little the defectives have got.
The Corpus Callosum.-The corpus callosum is composed of the medullated axons of commissural neurones with their cell-bodies in the grey cerebral cortex. As the corpus callosum is the only commissure developed in connexion with the neopallial cerebral hemispheres it follows that, theoretically, there should be some association of size of corpus callosum with neopallial cellular richness. The uses of the system, as well as its practical value, are easily assessed from a study of the cases themselves.
As regards the brain, the technical procedure included injection through the orbits, as soon after death as possible, of a 10 per cent. solution of formol saline, with removal of the brain at the earliest opportunity. After further hardening, one cerebral hemisphere was specially preserved and mounted for macroscopic study, including dioptrographic tracings, and the other retained for microscopic investigation. 
